Abstract: Evaluation of Agent Coalition is an important issue of complex control and decision-making, and fuzzy soft set is introduced for comprehensive evaluation of Agent Coalition. During the evaluation, personal evaluation index set of each expert is different, and there is overlapping among personal evaluation index sets of each expert, and then the fuzzy soft set is utilized to fuse information of experts' evaluation results so as to obtain comprehensive evaluation results. Finally, by way of living examples, it has been illustrated that the method can not only flexibly express experts' subjective judgments, and can effectively and reasonably deal with uncertain information to be in line with people's critical thinking process, thereby providing more scientific and more rational decisions for best choice of coalition in complicated control system.
INTRODUCTION
Distributed intelligent control based on MAS is the future of industrial control, another leap in the control of scientific development, and coordination between Agents is the key issue in the control. In MAS, when the Agent of limited resources encounters a task impossibly completed by its own, it has to interact and collaborate with other Agents in system to form a team to work together to undertake this task, and this team is called as coalition [1, 2] . Coalition, as a topic of control theory at the forefront, has won widespread concern of scholars at home and abroad, and fruitful research results have been achieved in aspects, such as coalition structure generation [3, 4] , coalition formation [5, 6] , utility allocation [7, 8] and so on. However, in some complex control and decision-making systems, the quality of coalition is directly related to the stand or fall of the completed task, and to the fact that formed coalition can really complete its mission in an efficient and successful manner, and that is, the real-time tracking and evaluation of current coalition work used for feedback of decision-making effect and for guidance of the subsequent tasks execution is an important issue to be considered [9] . The quality of coalition is closely related to the factors in the members of the Agent, such as capacity, performance of combination, communication overhead, familiarity with Agent and others, but these factors are difficult to be represented by quantitative values, only able to be indicated by some fuzzy, schematic and uncertain natural language values, which brings certain difficulties to evaluation [10] .
In the evaluation mechanism, the most commonly used evaluation methods are simple weighting method and fuzzy comprehensive evaluation method [11] [12] [13] [14] . These methods generally require all evaluation specialists of considering the same evaluating indicators set to give individuals' evaluation information. However, in terms of the evaluation in reality, the evaluation experts generally come from different areas or from different organizations and sectors, and the knowledge and experience owned by each expert is different [15] [16] [17] [18] . Therefore, evaluation experts may only focus on several indicators that they are interested in and familiar with in evaluating indicators set. If evaluation experts are still required to make evaluation of all the indicators in evaluating indicators set, this would easily lead greater differences in evaluation results among evaluation specialists, causing miscarriage of justice, which would be to the disadvantage of final decision makers, while fuzzy soft set theory is able to handle these situations very well [19] .
In response to these problems, this paper will design an effective evaluation method of Agent Coalition, taking into account that evaluation specialists are provided with different personal evaluation index sets and fuzzy soft set theory is used to make comprehensive evaluation of Agent Coalition. The key to this method is how to handle experts' different personal evaluation index sets taking advantage of the fuzzy soft set theory [20] [21] [22] , and on this basis, the information fusion is conducted for evaluation results of different experts to give comprehensive evaluation results of Agent Coalition. The article is organized as follows: firstly, description is made as to evaluation of Agent Coalition, and then the evaluation process of Agent Coalition is given based on fuzzy soft set theory. Finally, the experimental results and analysis results are presented [23] .
DESCRIPTION OF EVALUATION OF AGENT COALITION
Formalizing description of Agent Coalition evaluation can be as follows [24] [25] [26] [27] , , , 
Therefore, evaluation question of Agent Coalition is how to fuse information of evaluation matrix for different experts to obtain quality score of coalition to t r be evaluated.
Fuzzy soft set theory is proposed by Maji et al. [29, 30] on the basis of Molodtsov's soft set theory [31, 32] . Maji deems that parameters usually expressed in human language are fuzzy, and for an object in the domain, it is absolutely unreasonable to say it beautiful or clumsy, but it should be described by fuzzy language. Therefore, Maji puts forward the concept of "fuzzy soft set" [33, 34] and defines the operational rules of the fuzzy soft set. 
In addition, fuzzy soft sets can also be graphically represented in tables. For instance, ( ) , F A can be expressed as:
Maji, etc. have also given operation rules of fuzzy soft set, and due to space limitations, this article only describes the "AND" operation of fuzzy soft set (Guanqun Bao. et al, 2014). At present, there are still less researches on evaluating the Agent Coalition using fuzzy soft set, and therefore, this article will use the fuzzy soft set to conduct comprehensive evaluation for Agent Coalition.
THE EVALUATION METHOD OF AGENT COA-LITION BASED ON FUZZY SOFT SET THEORY

Representation of uncertain information in Agent Coalition evaluation
In evaluation of Agent Coalition, some evaluation indexes are difficult to quantify, and can only be described by vague terms of "very good" and "average" or some evaluation levels, but this description can better reflect the accurate understanding of issue for evaluation experts, also being in line with the objective reality and human expression.
The following ratings are employed in characteristic evaluation value of Agent Coalition for evaluation experts
If the evaluation specialists believe that a coalition is not in conformity with an evaluation index, then the evaluation value 0 v = ; if the evaluation specialists believe that a coalition is fully in conformity with an evaluation index, then 1 v = ; the evaluation value is greater, indicating that the coalition is more in line with the index. On assignment of evaluation experts, it does not rigidly adhere to these values, and these values are merely to guide that the experts' expressions are more consistent.
Evaluation Process of Agent Coalition
As shown in Fig. (1 , , ,
gives the evaluation matrix
, then using fuzzy soft set to fuse information for evaluation value of all evaluation experts to get the final results of the evaluation.
Conversion Between Evaluation Matrix and Fuzzy Soft Set
Based on each expert's individual evaluation index set 
Information Fusion
After each expert's evaluation information is fused, a comprehensive evaluation matrix can be got. Fusion method is: "AND" operation is conducted for fuzzy soft set ( , ) ( , )
And for
G E is also a fuzzy soft set. As can be seen from definition 2, the parameters in ( , ) 
As can be seen from the equation (8), if an expert's evaluation of a coalition coordination is 0.7, while the other expert's evaluation of innovation capability for this coalition is 0.9, then it can be drawn through the information fusion that the evaluated result of this coalition is 0.7, and namely, the evaluation value of "better coordination and cooperation, and innovation capability," is 0.7. 
D D D
, that is, evaluating experts' individual evaluation indexes are in the same, then , , 1,2, , min min ,
That is, when evaluation experts' individual evaluation indexes are crossed, formula (10) is firstly used to obtain the mean value of the same index evaluation, and then the evaluation value of composite index j e is obtained using the formula (9).
Currently, most researches on fuzzy soft set are only concerned with the first case, which requires that there are differences between the parameter sets (i.e. no overlap), and this may be inconsistent with certain realities, but this method takes into account the case of overlapping parameters sets. Table   ( , ) G E is transferred to tabular form (see Table 1 ( )
Score r s t = the higher the score is, the more excellent the t r will be.
Because there are many factors influencing Agent Coalition, it is difficult to describe it using quantitative methods, and the significance of using this method for the evaluation of Agent Coalition is the reflection of the uncertainty of evaluation experts' different preferences and evaluation information, so that the experts can express their subjective judgment in a flexible way; the use of "AND" operation in fuzzy soft set can integrate evaluated information from multiple evaluators to obtain the results of a comprehensive evaluation.
THE INSTANCE ANALYSIS
Assuming coalition to be evaluated { } , ,
(1) Each expert gives the individual evaluation set , ,
gives the corresponding evaluation matrix 1 V , and i.e., "AND" operation is carried out for fuzzy soft set
, the number of parameters is 3 3 3 27 L < = in parameter set E .
We firstly assumed that { } Table 2 .
By the Table 2 , , , E e e e = , the parameters of E are shown in Table 3 .
According to the formula (8) and (9), the fuzzy soft set ( , ) G E is calculated. We illustrate calculation process of ( , ) G E in the case of 16 μ and 13 μ . Table 4 . Table 5 .
(5) According to the formula (13), (14) and (15), evaluation score ( ) t Score r is calculated, as shown in Table 6 . As can be seen from the above example, the proposed method takes into account that the expert has a different personal evaluation index set and crossing between personal evaluation index sets is allowed; experts' evaluation of the coalition is represented by uncertain information, so that the evaluation experts can flexibly express personal subjective judgment and fuzzy soft set is introduced to fuse information of experts' evaluation results to get comprehensive evaluation results.
From
CONCLUSION
This article has introduced fuzzy soft set for comprehensive evaluation of Agent Coalition. In the evaluation process, the experts' different personal evaluation index sets are considered, and overlap between the experts' different personal evaluation index sets is allowed, and fuzzy soft set is utilized to fuse evaluation information of each expert to get comprehensive evaluation results. This method can make full use of the knowledge and experience of experts, reflecting the uncertainty and incomplete information in evaluation process, and the evaluation process is in line with people's critical thinking process, being flexible, effective and rational.
